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PRESSURE DISTRIBUTION OVER AN N. A. C. A. 23012 AIRFOIL ViT17H AN N. A. C. A.
23012 EXTERNAL-AIRFOIL FLAP

By CUL J. WmzmGER

SUMMARY

PrewurediaWution teet8 of an N. A. C. A. 23019
airfoil m“th an N. A. C. A. 9301g external-airfm”l jlap
were made in the 7- ~ lo-foot m“nd tunnel. T& pTM-
eures were measured on the upper and luuxr mu-faces
at one chord section on both the main airjm”t and on the
j?ap for sewrid di$erent @p dq%ctione and at wmval
angles of attach-. A test installation was wed in whioh
the airfoil wus mownied horizontally in the m“nd tunnel
between zertical end planm so that two-dimensional $OW
was apprm”mated.

The data are presented in the form of p-reeeuredie-
Mmtion diagram8 and m graph8 of G&uMed coqj%ient~
for the airfoi?-and+ap combination and for the flap
ah.e. The pre%euredstributian tests 8howed that, as
m“fh other typ~ of jlap, the. greater part of the increment
of total mam”mum liji due to dejecting the ezternal-
airfoil $ap downward arisu from the increased load
car~-ed by the main airfo-il. l%e ma”mum normal-force
coej%ient of the external-airfd$ap wue about the same as
thut of a split jap. The hinge moment8, howeoer, uere
much lower because of the axie locutbn u8ed with the
external-airfoil $ap. .The preseure diagram8 8howed that,
when the plain airfoil and thejlapped airfoil are compared
at the same total lijl, the $ap reduce8 the adame pressure
gradientg and the tendency of the main airfoil to etall.
When h plain and$apped airfoils are compamd at the
8ame angle of attack$ it is apparent that the$ap in.uencee
the air $OW around the main airfoil 80 that the airfoil
carr& a much greater load without 8taRing than is
po8&ble w“thoui the$ap.

INTRODUCTION

The external-airfoil flap in combination with a main
airfoil appears ta be one of the most genedy Satisfa+
tory high-lift deticea investigated up to the present
time. Previous investigations of this arrmgement (ref-
erences 1, 2, and 3) have shown that it is capabIe of
developing high lift coeilieients and that it gives lower
drag at these high lift coefficients than do plain or
split flaps.

Several dif%rent combinations of airfoil section for

both the main airfoiI and the
gated; the most promissg
obtained has the h’. A. C. A.

flap have been investi-
mrangement thus far
23012 section for both

main airfoil and flap. In addition, a survey of the
flap hinge-axis Iooation has been made (reference 2)
ta obtain one that would give low flap+perating mo-
menta and good aerodynamic charaeterktics.

In order to compIete the information required for
structural-dw.ign puqmws, pressure-didribution tests
were made to obtain the skIoad distribution over the
main sirfofl tmd flap. The combination tested has
the N. A. C. A. 23012 section for both main airfoiI and
flap and uses the hinge axis pretiousdy dedoped for
this flap.

APPARATUS AND TESTS
MODEL

The main airfoil was built of Iaminated mahogany to
the N. A. C. A 23012 profle and has a span and chord
each of 20 inches. The external-airfoil flap was built of
brass, also to the N. A. C. A. 23012 proEle, and has a
span of 20 inches and a chord of.4 inches (2o percent of
the main airfoil chord). The flap was supported on the
main airfoil by metal fittings at each end and by two
intemaediate fittings spaced equally along the span.
The flap hinge axis (see @. 1) was that previously
deveIoped as described in reference 2, the flap being
arranged for Iocking at any desired deflection between
—10° and 60°.

A main row of preasgre orifices was built into the
upper and Iovwr surfaces of both the main airfoil and
the external-airfoil flap at the midspan section. These
oritioes were Iocated on the modeI as tabulated in figure
1, the tubes from the ofices being brought through the
model and out at one end. The pressures were photo-
graphically reoorded by a multiple-tube manomet~.

Two auxihry rows of pressiure orifices were also
built into the upper and lower surfaces of only the main
airfoiI, one row bebg Iocated 2 inehea and the other row
jf inch from the end. These orifices, together with tJIose
at the” midapan location, were used incidentally to
measure the distribution of pressures along the span of
the modeI between end planes for a few eonditiona.

G



86 REPORT NO. 6i”&NATIONAL ADViSORY COMMITTEE FOR AERONAUTI@3

TEST INSTALLATION

The model was mounted in the N. A, C. A. 7- by
10-foot-open-jet wind tunnel (reference 4) as shown by
figure 2. The main airfoil was rigidly attached to two
huge circular end plates to which the flap was also
fastened but arranged to rotate so that its setting might-
be changed. The two end plates were supported in
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circular cut-outs in two large vertical end danes that
extended from top h-bottom of the air stream and some
distance ahead of and behind the model. The angIe of
attack of the model was set by rotating the large cir-
cuhr plates and locking them at the desired angle.
Approximately twodimensional flow is obtained with
this type of installation and the section characteristics
of the model under test may be determined.

TESTS

The tests were all carried out at a dynamic pressure
of 16.27 pounds per square foot, corresponding to an air
speed of 80 miks per hour at standard sea-leveI condi-
tions. The average test Reynolds l$lumber, based
on the sum of the main airfod and flap chords, was
1,460,000. This test Reynolds Number, when con-
verted to an effective Reynolds Number (reference 6)
that takes account of the turbulence in the air stream, is
2,040,000. (Effective Reynolds Number=test Reynolds
NumberX turbulence factor; turbulence factor for the
tunnel is 1.4.)

The model was tested with the external-airfoil flap
set at angles of –2°, 0°, 10°, 20°, 30°, and 40°. The
main airfoil was also tested by itself without the flap
for purposes of comparison. The angles of attack
ranged from —16° to 16° and the lift coefficients in-
cluded those from approximately maximum negative
to maximum positive. With the model at-a given angIe
of attack and with a given flap setting, a few minutes
were allowed for all test conditions to become steady; a

record was then taken of the pressures at
by means of the photographic manometa.

PRESENTATION OF DATA

PRESSURE DIAGRAMS

the orifices

i
z

Diagrams of the pressuree over the upper and lower
surfaces of the main airfoil without flap (fig, 3) are
given as ratios of oriiice pressure p to dynamic pressure
of the air stream q for the angles of attack invcstigatedi
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Pressure diagrams for the combination of main airfoil
with external-airfoil Hap are given in figures 4 to 11 for
the various flap deflections and angles of attack t~ted,
On the diagrams the pressures are plotted normal to
the main-airfoil chord and to the flap chord, the pres- .
sure values being measured from the main chord for
the main-airfoil pressures and from the flap chord for
the flap pressures.
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COEFETCIEXTS

The pressure diagrams were rneohanically integrated
to obtain data from which section coefficients could be
computed. The seotion coefficients are defied as
follows:

Cmw= &mj normal-force coefficient of main airfoil alone.

‘(~n ==, normal-force coefficient of main sirfoiI
~C~=+fj

with flap.

Cmm= ~zj pitching-moment coefficient of main airfoil
ye= aIone about quarter-chord point.

C%+n qc(w+n $=~~~ pitcbin -moment coeflkient of main
airfo” with flap about quarter-
c.herd point of combination.

Cnf= ~r~ normal-force coefficient of flap.

Chf=J& hinge-moment coef%cient of flap about hinge
ah.

‘Q)m=(Oo25-%jX1OO, center of pressure of
main airfoil alone m
percentage of chord
from leading edge.

( )CW+n x100, center of pr-$
(C. p.),~~= 0.25–—

c%+n of main mrfod
with flap in
percent e of

?chord o com-
bination from
leading edge.

(c. p.) F(O.25-~)X 100, c~ter of pressure of flap
m percentage of flap
chord from Ieading
edge.

where the forces and moments per unit span are
n., normal force of main airfoil.
n(m+n, normal foroe of main airfoiI with flap.
mC, pitcbi.ng moment of main airfoiI about quarter-

chord point.

mt~~n, pitching moment of main airfoil with flap
about quarter-chord point of combination.

n~, normal force of flap.
h~, hinge moment of flap about hinge axis.

and

g, dynamic pressure.
cU, main-airfoti chord.
Cr, flap ohord.
c(=~n ohord of combination (c~+cr).

M977a-s~

The center-of-pressure positions and the pitching-
moment coefficients w-we derived from the normal
forces, the chord forces being neglected except for the
effeot of the flap, in which case the flap deflection was
taken into account.

The calculated results from the present tests were aII
correoted to id.nite aspect ratio characteristics in
accordance with methods given by Glauert (reference
6) that have been found satisfactory from other tests
of a simiIar arra.ngermmt in the 7- by lo-foot wind tunnel
(reference 7). Another check on the theoretical cor-
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rection is shown in figure 12, where the corrected rasults
of the pressure-distribution teats are compared with
force-test results (reference 8) for a 10- by 60-iich
N. A. C. A. 23012 pkin wing corrected to intlnite aspect
ratio by the usual methods.

For the case of the prcxwwdistribution teds

cq=a+Aa

where

Aa(deg.) =
-(02’@x573

c is the total ohord.
h, the h~ht of the jet.

(The quantity c. is substituted for C. in the present
correction and the substitution resulte in only a alight
error because of the small difference in value between
the two quantities.) Curves of the various calculated
coefficients are given in figures 12 to 1S.
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PRECISION

No riir-flow alinement taste were made in the wind
tunnel with the test arrangement used in the investiga-
tion, so the absolute setting of the angle of attack may
be slightly in error; the relative angles are, however,
accurate to +0,10. The flap deflections were set to the
speciiied angles to within ~ 0.10. The oriiice pressures
based on check tests in which both the angle of attack
and the flap settings were independently changed
showed that they agreed to within +2 percent, with the
exception of upper-surface pressurw near the leading
edges, which, at high angles of attack, checked to within
+5 percent. The dynamic pressure recorded on each
diagram was accurate to within +0.25 percent for all
tests.

The distribution of pressurm along the span of the
model indicated that twodimensional flow was ob-
tained with the installation used. The pressures, for a
given locntion along the chord of the airfoil, were the
same from midspan to within at least %inch of the ends
(the row of orifices nearest the end of the model).

RESULTS AND DISCUSSION

SECTION P3U3SSUREDISTRIBUTION

The pressure-distribution diagrams (&s. 3 to 9) are
useful to show the chordwise distribution of the air
loads on the main airfoil and on the flap and may be
regarded as satisfactory for application to rib and flap
design. The diagrams also illustrate certain special
featurw of the action of external-airfoiI flaps.

Comparison of pressure diagrams for the plain airfoil
and for the airfoil-flap combination at the Samg lifi
(fig. 10) shows the efTOct of the flap. increasing the
flap angle rmd decretping the ~gle of attack to main-
tain constant Iift had the fo~owing effects; (1) The
magnitudes of the peak pressuree at the leading edge of
the main airfoil were progressively reduced, and (2) the
magnitudes of both positive and negative pressures at
the trailing edge of the main airfoil and at the leading
edge of the flap were progressively increased.

The flap, in addition, obstructed the flow of sir below
the airfoil and caused the pressures to build up on the
lower surface, The air flowing through the slot over
the upper surface of the flap prochmd a higher average
velocity and increased the negative pressure on the flap
upper surface. Thus, the influence of the flap was to
reduce the adverse pressure gradients and the tendency
of the main airfoil to stall.

The external-airfoil flap itself had a pressure distribu-
tion similar to that of a plain airfoil, so that the flap
would have a small wake as long as it remained un-
stalled. The wake of the combination would therefore
be small, particularly near the stall; this small wake
permitted the development of high lift together with
low profile drag. In this respect slotted flaps, in gen-
eral, appear better than plain or split flaps.

Comparison of pressure diagrams for the plain airfoil
and for the airfoil-flap combination at the twm8 angle
of attack (~. 11) ahowe that the flap increased the nega-
tive pressure over the entire upper surftim of the main
airfoil and increased the poeitive pressure on the lower
surface near the trailing edge. The pressure gradients
remained about the same except at the trailing wlge of
the main airfoil, where they wero rcduccd. The pres-
sures on the upper and the lower surfaces of the flnp
both in~reased with flap deflection. The important
effect of the flap in this case was its ability to influenco
the air flow around the main airfoil so that tho airfoil
carried a much greater load without stalling than was
possibIe without the flap.

One other interediing item is suggested by the progrc6-
sive increase in %OWvelocity over the main-airfoiI upper
surface relative to free-stream velocity as tlio flap is
deflected. This characteristic suggestad that tha use
of this type of flap would increase the rolhg cffectivc-
ne.ss of ailerons located on the trailing edge of tlm main
airfoil. An investigation of such an arrangement
(reference 3) recently completed in the IV. A. C. A, 7-
by 10-foot wind tunnel indicated that such an improve-
ment could be realized,

i9EOTIONLOADS AND MOMENTS

The section coefficients are plottad in figures 12 ta 18.
It will be noted that the flap loads buildup rapidly at
relatively low lifts of the combination and that thy also
increase rapidly with flap deflection (figs. 13 k 18),
The maximum flap loads appear, in gencrrd, to reach
somewhat higher valuw than are obtained with an air-
foil of the same size tested alone at the appropriate
Reynokla Number. (Test Reynolds F7umbcr for flap
alone based on flap chord and free-stream velocity=
244,000.) The greater part of the incrermmt of total
Cnma=due to deflecting the flap downwnrd, however,

ties from the increased load carried by the main air-
Foil.

It is interesting to note that the maximum normnl-
Force coaflicient of the external-airfoil flap tcstod has
~bout the same value as that attained by split flaps in a
previous investigation (reference 9). Owing to tho uso
~f the hinge axis chosen, however, the bingo moments of
be externahirfofl flap are much smaller than those of
xmresponding sizes of split flap,

.
CONCLUSIONS

1. Pressure-distribution tests show that, as with
]ther types of flap, the greater part of the increment of
htal maximum lift due to deflecting the external-airfoil
lap downwaxd arises from the increased load carried
iy the main airfoiI.

2. The maximum normal-force caticient of the
>xternal-airfoil flap investigated had about the same
due as that attained by split flaps, The hinge mo-
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ments, however, were much lovmr because of the axis
location used with the extermd-airfoil flap.

3. The prmsure diagrama showed that, when the
pIain airfoiI and the airfoil with the external-airfoil
flap were compared at the same total hj?, the flap re-
duced the adverae pressure gradients and the tendency
of the main airfoil to stall. When these plain and
flapped airfoils were compared at the gama angle of
attack, itwas apparent that the flap influenced the air
f70w around the main airfod so that the airfoil carried a
much greatm load without stalhg than was possible
without the flap.
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